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Fig. 1.-Temperature and humidity records. This temperature record was typical of all 
temperature records but this humidity graph shows less variation than some of the other 
records of low humidity. 
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Effects of Temperature and Humidity 
on the Keeping Quality of Shell 
Eggs 
E. M. FUNK 
The environment under which eggs are held materially influences 
the rate at which their quality declines. Important factors in-
fluencing the deterioration of shell eggs are temperature and 
humidity. The present practice under cold storage conditions is 
to maintain a temperature of 30 to 32° F. where the humidity is 
relatively high. Under such conditions the egg quality is so main-
tained that eggs when removed from storage grade unusually well. 
However, more information is needed on the progressive changes 
which occur when fertile and infertile shell eggs are maintained 
under various controlled temperature and humidity conditions. 
This investigation was undertaken with the hope that it might con-
tribute such information. 
EXPERIMENTAL. 
These experiments were designed to determine the influence of 
temperature and humidity on the keeping quality of shell eggs when 
subjected to different temperature and humidity conditions. The 
temperature experiments were planned to measure the rate of de-
terioration in fertile and infertile shell eggs held at 30°, 50°, 70°, goo, 
90° and 100° F. The humidity experiments were planned to measure 
the influence of low (30-45 per cent), medium (60-70 per cent) and 
high (g5_93 per cent) relative humidity at different temperatures (60°, 70° and goo F.) on the keeping quality of shell eggs. Tempera-
ture was well controlled and humidity fairly well controlled. See 
Figure 1. 
The eggs used in these experiments were produced on the Uni-
versity of Missouri Poultry Farm by the same pens (Pen 29 fertile 
and Pen 30 infertile) of White Leghorn hens in their firs~ year's 
production. The eggs were placed in their respective experimental 
groups within 24 hours after laying. 
Though strictly fresh-laid eggs from the same pens were used 
in each test it was not possible to run all tests simultaneously as 
is indicated by the following schedule: 
Environmental temperature 
30° F. 
50° F. 
70° F. 
goo F. 
90° F. 
100° F. 
Period when eggs were laid 
l\fay 14 to June 3 
March 4 to March 7 
March 7 to March 13 
April 13 to April 15 
March 23 to April 25 
February 24 to February 2g 
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This variation in time of laying may explain the fact that the 
eggs held at 30° F. were of lower initial quality than the eggs in 
the other groups as it has been shown that egg quality declines as 
the season advances from spring to summer. 
Fi11:. 2.-Refrisrerators in which eiriis were held. 
The refrigeration equipment (Figure 2) used was constructed 
for these and subsequent experiments in which egg quality was 
studied. This equipment provided three separate compartments 
where temperature and humidity could be controlled. · High tempera-
tures (80°, 90°, 100° F.) were maintained in incubators and the low 
temperature (30° F.) was maintained in a household refrigerator 
equipped with temperature control. 
High humidity was maintained by an automatic humidostat that 
controlled the humidity by spraying moisture into t;he compartment. 
Low humidity was maintained by the use of trays of calcium 
chloride placed in the compartment to absorb moisture. 
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Recording thermometers and recording hygrometers calibrated by 
a sling psychrometer were used to record the continuous environ-
mental temperature and humidity where the eggs were held. 
In the compartments where approximately 90 per cent relative 
humidity was maintained the egg cartons and the eggs became 
covered with mold growth in spite of the fact that there was a small 
fan which circulated the air. The cartons absorbed so much 
moisture that they lost their strength and rigidity. 
Fig. 3,-Specially designed apparatus used for deter-
mining the pressure required to rupture the vitelline 
membrane. A sprina- and weia-hts were used to mes.sure 
the irrams pressure per 10 square centimeters of yolk 
surface required to rupture the vitelline membrane. 
The physical changes in the eggs measured were: weight loss, 
germ development, weight of apparent thick albumen (total albumen 
less outer thin albumen), albumen height, height and width of yolk, 
rupturing strength of the vitelline membrane, and the depth of the 
air cell. The albumen score of the broken out appearance of the 
egg was also recorded. Measurements were made on from 8 to 12 
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individual eggs in each lot and the data reported here are averages 
·of these samples. Weights were determined by weighing individual 
eggs to the nearest tenth of a gram. Linear measurements were 
made to the nearest tenth of a millimeter. The rupturing strength 
of the vitelline membrane was determined by a specially designed 
piece of equipment (Figure 3) by which the pressure required to 
rupture the membrane was determined. The depth of the air cell 
was measured by marking on the shell the outline of the air cell 
as it appeared when candled and then measuring its vertical depth 
with a micrometer. 
All observations and measurements were made by the same person. 
The Effect of Environmental Temperature on the Keeping Quality 
of Shell Eggs. 
The effect of relatively high temperatures on the keeping quality 
of shell eggs has been observed by many people and the physical 
changes produced by such temperatures measured by several in-
vestigators. 
Wilhelm and Heiman (193g) reported the effect of temperatures of 
30° F ., 50° F ., 70° F ., and 90° F., on the loss in albumen index from 
which they concluded that "the usual storage temperature of 30° F. 
retards albumen loss markedly after a 30 per cent loss has occurred." 
Temperatures of 50° F., 70° F., and 90° F. were increasingly less de-
sirable for the storage or holding of market eggs. They showed that 
egg quality decreased as much in 4 days at 70° F. as in 192 days at 
30° F. 
Van Wagenen, Hall and Altmann (1939) reported the changes in 
egg quality as measured by the condition of the firm albumen (Cornell scores), percentages of firm albumen, inner thin albumen 
and outer thin albumen, yolk index and loss in weight with eggs 
held from four to 10 days at temperatures of 35° F., 45° F., 55° F., 
65° F . and goo F. They concluded 45° F. was the most desirable 
temperature for holding eggs on the farm. Undesirable "sweating" 
occurred when eggs were removed from an environment of 35° F. to 
ordinary room temperatures for handling. They reported that egg 
quality declined more in 4 days at goo F. than in 10 days at 55° F. 
Jeffrey (1940) reported that in his study on the effect of high 
humidity on egg quality: "decline in interior egg quality was regu-
lated by temperature." 
The Effect of Environmental Temperatures on the Condition of 
the Albumen and Yolk. 
Important measures of egg quality in broken out eggs are the 
percentage of thick and thin albumen and the height of the yolk. 
Consumers prefer eggs with a high percentage of thick white and 
with upstanding yolks. Two methods were employed in determining 
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the quality of the albumen. The first was the percentage of ap-
parent thick albumen. The other was the use of the Cornell score, 
Figure 8. 
In measuring the condition of the egg yolk two measures of 
yolk quality were employed; yolk index and the strength of the 
vitelline membrane which encloses the yolk. Eggs of superior 
qµality have yolks with a high yolk index and strong vitelline mem-
brane. 
Albumen condition. 
It is common knowledge that high temperatures increase the 
rate of breakdown of the thick albumen. To measure the influence 
of temperature on the conversion of thick albumen to thin albumen 
the amount of apparent thick albumen and outer thin albumen 
was determined by separating the outer thin albumen with a 
pipette and weighing the portions. The percentage of apparent 
thick albumen present after exposure to the different experimental 
temperature ·conditions is shown in Figures 4 and 5 and by Table 
1. The conversion of thick albumen to thin albumen was very 
rapid at high temperatu'res (80°, 90° and 100° F.). This conversion 
was more rapid in fertile than in infertile eggs held at high tempera-
tures; at 100° F. the percentage of thick white in fertile eggs de-
clined as much in three days as in 13 days in infertile eggs but at 
temperatures of 30° F. and 50° F. there was no difference in this 
respect between fertile and infertile eggs. 
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Fig. 5.-The effect of temperature on the decrease in the percentage of ' apparent thick 
white in infertile eggs. 
TABLE 1.-EFFECT OF TEMPERATURE ON THE PERCENTAGE OF APPARENT THICK 
WHITE IN FERTILE AND INFERTILE EGGS. FEB.-MAY, 1942. 
Time 
held 
in 
davs 
0 
1 
2 
3 
4 
5 
6 
7 
10 
14 
17 
19 
21 
23 
28 
29 
42 
43 
56 
64 
70 
Fer- Infer-
tile tile 
73.4 75 .8 
73.7 69.0 
73.7 67.1 
75.0 72.8 
68.0 68.2 
65.7 64.3 
62.6 62.6 
62. 7 59.2 
Fer- Infer-
tile tile 
75.0 76.4 
73.6 73.9 
75.4 68.4 
72.1 70.3 
69.3 65 ,7 
68.5 69.3 
65.1 63.3 
66.2 59.2 
62.2 63.1 
Fer- Infer-
tile tile 
77 .9 79.2 
73 .5 76.1 
73.l 73.4 
73 . 9 68.5 
71.7 72. 2 
75.5 70.2 
66.3 67.6 
68.8 76.3 
78.0 75.5 
72.0 79.0 
38.8 51.0 
34.5 44. 7 
Fer- Infer-
tile tile 
77.8 76.6 
76.8 75.5 
73.6 76.6 
70.4 70.9 
75.2 76. 7 
72.6 72.2 
69.2 73 .0 
72.5 72.0 
68.6 64. 8 
58.2 45 . 7 
58.5 58.1 
14.6 30. 7 
Fer- Infer-
tile tile 
71.7 68.7 
73.6 73 . 5 
69.9 71.1 
70.3 70.1 
59.3 75 .1 
57.9 68.7 
72.5 
66.6 
69.3 
70.8 
63. 7 
Fer- Infer-
tile tile 
74.5 
58.2 62.7 
61.7 67.2 
52.2 65.4 
64.0 
69.9 
68.8 
58.4 
50.4 
The quality of the egg as measured by the average albumen score 
(Figures 6, 7 and 8 and shown in Table 2) declined much more 
rapidly in fe_rtile eggs than in infertile eggs when held at high 
temperatures. Fertile eggs held at 100° F. for two days declined in 
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Time-Davs 
Fig. 6.-The effect of temperature on the decline in quality of shell eggs as measureO. by 
the albumen scores of fertile .,ggs. 
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Fig. 7.-The effect of temperature on the decline in quality of shell eggs as measureO. by 
the albumen scores of infertile e'Jrp. 
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Fig. 8.-Photog~aphs used for determining the albumen score of broken-out eggs. (Courtesy 
of Cornell University). 
quality as much as did infertile eggs lield for 10 days. Both fertile 
and infertile eggs held for 70 days at 30° F to 50° F. changed their 
albumen scores only about one point on the Cornell chart whereas 
fertile eggs held at 100° F. for three days became inedible. 
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TABLE 2.-EFFECT OF TEMPERATURE ON THE ALBUMEN SCORE OF ;FERTILE AND 
INFERTILE EGGS. FEB. - MAY, 1942 
......... r ........ 
11 
Time 
held 30°F. 50°F. 70°F. 80°F. 90°F. 100°F. 
in Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer-
days tile tile tile tile tile tile tile tile tile tile tile tile 
0 1.6 1. 7 1.9 1.6 1. 7 1.9 1.8 
1 2.0 1.8 2.3 1.9 2.4 2.3 2.3 2.2 2.7 2.6 
2 2.4 2.5 2.9 2.5 3.2 2.3 
Ined. 
3 3.1 2.6 2.8 2.7 3.1 2.8 3.2 2.5 
lned. 
4 3.3 3.0 3.1 2.8 2.8 
lned. 
5 3.0 2.9 3.1 3.2 3.3 3.1 
Ined. 
6 3.0 2.8 3.3 2.9 3.7 3.0 
7 2.1 2.0 2.6 2.4 2.8 2.8 3.1 3.4 3;0 3.4 
10 3. 7 3.5 
14 2.3 2.2 2.5 2.4 3.2 3.2 3.8 3.7 3.5 3.9 
17 3.7 4.0 
19 3.4 3.3 
21 2.5 2.4 2.5 2.2 4. 1 
23 4.0 4.0 
28 2.2 2.3 2.4 2.5 4.4 4.5 
29 3.8 3. 7 
42 2.8 2.5 4.1 3.8 4.6 
43 2.8 2.9 
56 2.4 2.4 2.9 2.6 4.4 4.4 
64 2.8 2.6 
?0 ? A 'Q '7 ? • A~ A? 
Yolk condition. 
The yolks of shell eggs held at high temperatures tend to flatten 
with age and very rapidly at 80° F. to 100° F. The rate at which 
the yolk flattened was determined by calculating the yolk index 
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Fig. 9.-The effect of temperature on the flattening of the yolk of fertile ei:gs as indicated 
by the :volk index (height + width). 
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Fig. 10.-The effect of temperature on the flattening of the yolk of iniertile eggs as 
indicated by the' yolk index (height ~ width). 
of the experimental lots of eggs by dividing the height of the 
yolk by the average width of the yolk. At high temperatures 
(80° F. to 100° F.) the yolks of both fertile and infertile eggs 
flattened very rapidly (Figures 9 and 10). 
Time 
held 
in 
davs 
0 
1 
2 
3 
4 
5 
6 
7 
10 
14 
17 
[9. 
21 
23 
28 
29 
42 
43 
56 
64 
70 
TABLE 3. -EFFECT OF TEMPERATURE ON THE YOLK INDEX OF FERTILE AND 
INFERTILE EGGS. FEB. - MAY, 1942 
'"~-·--~nOF o;nOF. 7( 1uF. 8ouF. 90~F. 100uF. 
Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer-
tile tile tile tile tile tile tile tile tile tile tile tile 
.43 .44 .45 .45 .43 .44 .48 
.46 .49 .45 .47 .42 .42 .42 .42 .41 .42 
.41 .42 .38 .38 .36 .38 
.43 .44 .37 .40 .36 .36 .28 .35 
.36 .38 .33 .33 .34 
.41 .44 .37 .38 .29 .32 
.42 .41 .34 .36 .26 .31 
.42 .42 .46 .48 .41 .41 .35 .33 .29 .24 
.25 .18 
.42 .43 .45 .45 .38 .36 .25 .27 .19 .12 
.17 
.33 .37 
.40 .43 .42 .44 .15 
.19 .21 
.41 .44 .42 .-i3 .16 .18 
. 29 .30 
.39 .41 .21 .23 .13 .12 
.39 .41 
.37 .39 .36 .3 7 .19 . 21 
.39 .43 
.38 .40 .37 .36 .18 .18 
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TABLE 4.-EFFECT OF TEMPERATURE ON THE STRENGTH* OF THE VITELLINE 
MEMBRANE OF FERTILE AND INFERTILE EGGS. FEB.-MAY, 1942 
13 
Time Q• ~M-~ 
held 3G°F 50 ,v F 70vF. 80uF. 9ouF. 10ouF. 
in Fer- Infer- Fer- Infer- Fer- Infer - Fer- Infer- Fer- Infer - Fer- Infer-
davs tile tile tile tile tile tile tile tile tile tile tile tile 
0 118 130 140 147 121 131 122 
l 144 160 124 143 119 136 104 128 73 131 
2 113 133 73 117 53 109 
3 110 134 104 119 62 122 34 124 
lned. 
4 99 124 76 108 112 
lned. 
5 93 114 96 128 64 112 
Ined. 
6 123 136 91 116 56 114 
7 117 131 116 142 123 125 96 108 106 55 
10 93 49 
14 117 139 101 151 115 124 79 86 76 37 
17 62 36 
19 102 127 
21 115 136 101 131 46 
23 61 71 
28 122 149 78 127 50 60 
29 96 107 
42 95 124 59 81 41 67 
43 85 126 
56 110 132 90 11 8 60 69 
64 77 123 
70 95 127 90 113 57 64 
•Grams of pressure per 10 square centimeters of yolk surface required to rupture the vitellme 
membrane . 
Changes in the condition of the yolk were also measured by 
determining the pressure required to rupture the yolk. The results 
of these tests (Table 4 and Figures 10 and 11) showed that the 
vitelline membrane weakened very rapidly in fertile eggs if tempera-
tures prevailed which resulted in embryonic development. The 
vitelline membrane retained its strength remarkably well at 30° F. 
and at 50° F. 
The breaking strength of the vitelline membrane of fresh eggs 
ranged from 178 to 147 grams and averaged 125. The strength 
of the vitelline membrane of fertile and infertile eggs was reduced 
approximately one-half under the following conditions: 
Temperature Time in d,ays 
70° F. 
goo 
90° 
100° 
F. 
F. 
F. 
Fertile Infertile 
70 70 
23 28 
3 17 
1-2 7 
These data show very clearly the importance of producing in-
fertile eggs during the summer months when high temperatures 
prevail. 
The results of these experiments showed that temperature was a 
very important factor influencing the rate of deterioration in the 
quality of shell eggs. Infertile egg~ retained their quality much 
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Fig. 11.-The effect of temperature on the strength of the vitelline membrane of fertile 
eggs as me'asured by the pressure required to rupture this membrane. 
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Fig. 12.-The effect of temperature on the strength of the vitelline membrane of infertile 
eggs as measured by the pressure required to rupture this membrane. 
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Fig. 13.-A comparison of strength of the vitelllne membrane of fertile (F.} and 
infertile (Inf.} eggs held at 50° F., 90° F ., and 100° F. 
better than fertile eggs when subjected to temperatures which re-
sulted in embryonic development. (Compare figures 4 and 5, 6 and 
7, 9 and 10, 11and12 and see figure 13). The quality of both fertile 
and infertile eggs was retained unusually well at low temperatures. 
Effect of Temperature on the Enlargement of the Blastoderm 
of Fertile Eggs. 
It has been accepted that the physiological zero point of the egg 
of the domestic fowl is 68° F. and that multiplication of cells or 
growth occurs at higher temperatures. In connection with our egg 
quality work it was relatively easy to determine by measuring with 
a pair of calipers the approximate diameter of the blastoderm of 
. fertile eggs held at different environmental temperatures. Evidently 
the macroscopic enlargement of the blastoderm is not apparent until 
the environmental temperature is raised to approximately 80° F. 
(See Table 5 and Figure 14). Between 80° F. and 85° F. there is 
a point at which the temperature is sufficient to initiate ;i.nd promote 
rapid growth of the embryo which results in the development of 
blood rings. However, a norm_al rate of growth does not result until 
the temperature approximates 100° F. 
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TABLE 5.-EFFECT OF TEMPERATURE ON THE DIAMETER (mm> OF THE GERM SPOT 
IN FERTILE AND INFERTILE EGGS. 
Time C!•ora-- .. .,.m·- ure 
held <oo,, ?Oo,, 00°" 85°1' 8B°F. 900F 1000F 
in Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer-
davs tile tile tile tile tile tile tile tile tile tile tile tile tile tile 
0 
1 
2 
3 
4 
5 
6 
7 
14 
21 
28 
5.6 
4. 7 2.2 5.0 2.6 4.8 3.2 4.7 2.8 5.8 
5.8 4 .6 5. 0 3.2 4.9 2. 5 5.5 2.8 7.5 4.0 
4.9 2.5 9.6 3.4 27.2 4.0 
5.3 3.5 5. 0 2.6 9.4 3.6 11.2 3.2 12.3 2.4 
5.7 2.1 25.8 2.5 
4.9 2.7 5.8 2.5 26.1 1.9 25.3 2.4 
4.8 2.9 6.0 2.3 
5.4 3.2 4.7 2. 8 6.3 2.3 32. 1 2.3 38.7 2.3 2.5 
4.7 3.2 4.6 2. 5 6.0 2.8 2. 5 
4.2 2.4 4.6 2.3 5.1 3.0 
4.3 2.4 4.2 2.6 
• 3.6 2.3 4.2 2.8 
4 0 
•F-88°F. 
3 
5 I 
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Fig. 14.-The' effect of temperature on the diameter of the blastoderm of eggs. 
Effect of Temperature on the Cooking Properties of Shell Eggs. 
To determine the effects of tem:t>"erature on the edible properties 
of eggs, fertile and infertile shell eggs which had been held at 
50°, 70°, 80°, 90° and 100° F. were submitted to the Department of 
Home Economics for tests of their cooking properties. Each lot 
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was designated by number so that those making the cooking tests 
were not aware of the history of the various lots. 
The eggs were examined for broken-out appearance and then 
cooked by poaching or hard boiling; after which they were examined 
for appearance, odor, texture and flavor. Each of these quality 
factors was rated excellent, good, fair and poor. 
As was to be expected temperature was a very important factor 
affecting the edible property of eggs and this was especially true 
of fertile eggs. (See Tables 6, 7, and 8). 
TABLE 6.-EFFECT OF TEMPERATURE ON THE EDIBLE QUALITY OF EGGS 
WHEN POACHED. <RATINGS MADE BY ONE PERSON IN THE DEPARTMENT 
OF HOME ECONOMICS>. THE EGGS WERE EXAMINED FOR APPEARANCE, 
ODOR, TEXTURE AND FLAVOR. MARCH-MAY, 1942 
Time Stora"'" temneratur"~ 
held 50~F 7QvF 80VF flQvF 100vF 
in Fer- Infer- Fer- Infer·- Fer- Infer- Fer- Infer- Fer- Infer-
M<IU~ tjlP tilP tilP Hlo tile tilP tile ti[P tile tile 
0 G . G 
' 1 G-F F G G G-F G F EtoG 
2 E G G G F - p 
3 G-F G-F F-P F Ined G-F 
5 F F Ined p 
6 G-F G 
7 G-F F G-F G-F F G-F lned F-P F 
10 F p 
14 G-F G-F F-P F-P F-P F F-P p 
17 F F Ined 
21 G-F G-F p Ined 
23 F-P F-P 
28 G-F G-F F-P p 
42 G-F F p p ,p p 
56 G-F G-F p p 
63 F G-F p p 
84 F G-F 
E - Excellent G - Good F - Fair P - Poor 
Fertile eggs held at 100° F. for 3 days were inedible whereas in-
fertile eggs held at the same temperature remained edible for two 
weeks. Fertile eggs held at 90° F. for 5 days were inedible while 
infertile eggs held at the same temperature were usable as food after 
3 weeks. Both fertile and infertile eggs were usable after 12 weeks 
at 50° F. 
These results re-emphasize the fact that fertile eggs become in-
edible in a very short time if they are held where the temperature 
is 90° F. to 100° F. 
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TABLE 7.-EFFECT OF TEMPERATURE ON THE EDIBLE QUALITY OF EGGS 
WHEN HARD BOILED. <RATINGS MADE BY ONE PERSON IN THE DEPART-
MENT OF HOME ECONOMICS>. THE EGGS WERE EXAMINED FOR APPEAR-
ANCE, ODOR, TEXTURE AND FLAVOR:. MARCH-MAY, 1942 
Time St"'"""'° t,.,...,,.,.,,.. tnr"" 
held !'iQol<'. '7Qul<' 80°F 90°F 100°F 
in Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer-
days tile tile tile tile tile tile tile tile tile tile 
0 G-F F 
1 G-F F G-F G-F G-F G-F G G-F 
2 E-G G-F G 
3 G-F G-F G-F G-F F-P F-P Ined F 
5 F F Ined F 
6 G-F G 
7 G-F F G G F G-F Ined G F-P 
10 F p 
14 G-F G-F F-P F-P p p F p 
17 F F Ined 
21 G-F G-F p l:ried 
23 F-P F 
28 F F p F-P 
42 F F p p p F-P 
56 G-F F p p 
63 F-P F 
70 p p 
84 F F 
E - Excellent G - Good · P - Poor 
TABLE 8.-EFFECT OF TEMPERATURE ON THE USE OF EGGS AS FOOD. 
<RATINGS MADE BY ONE PERSON IN THE DEPARTMENT OF HOME 
ECONOMICS>. THE EGGS WERE POACHED AND HARD BOILED AND 
EXAMINED FOR-APPEARANCE, ODOR, TEXTURE AND FLAVOR. 
MARCH - MAY, 1942 
Time o~ ...... -aao t..,,_... ..... ,..r ... "··-,...,.. 
held fiQVJ;' 7Qv'J<' 80UF gov= lOOuF. 
in Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer- Fer- Infer-
days tile tile tile tile tile tile tile tile tile tile 
0 B B 
1 B-C c B B B-C B-C B A-B 
2 A B c 
3 B B-C B-C B c c Ined B 
5 B - C B-C Ined c 
6 B-C B 
7 B B-C B B B-C B Ined B-C c 
10 c D 
14 B-C B-C c c C-D c c D 
17 Ined 
21 B-C B-C B-C c D Ined 
23 D C- D 
28 B-C B-C c C-D 
42 B-C B-C D D D C-D 
56 B-C B-C D D 
63 C-D c 
70 D D 
84 B-C B-C 
A and B - Desirable for any food use. 
C - Desirable in cooked foods. 
D - Usable in cooked foods only. 
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Effect · of Environmental Humidity on the Keeping Quality e>f 
Shell Eggs. 
Kennard and Chamberlain (1939) observed that they could pro-
duce U. S. Extras or U. S. Standards at will by manipulating the 
amount of dampness in the Station's egg room. Their eggs were 
graded at the Wooster Ohio Egg Auction where evidently size of 
the air cell was the criterion of egg quality. 
Van Wagenen, Hall and Altmann (1939) observed that albumen 
quality as measured by photographic standards (Cornell scores) 
declined more rapidly when the relative humidity was 85 per cent 
and least rapidly when the relative humidity was 40 per cent. 
Wilhelm (1939), however, using the albumen index (height of firm 
albumen divided by the average width of the firm albumen) found 
that albumen quality declined more rapidly when the relative hu-
midity was 50 per cent and least rapidly when the relative humidity 
was 90 per cent. Jeffrey (1940) concluded that interior egg quality 
as expressed by height of thick albumen was not affected by rel-
ative humidity of the egg holding room. 
Evidently, investigators have been unable to agree on the effect 
of humidity on the keeping quality of shell eggs. 
Changes in Albumen. 
The physical changes in the albumen of shell eggs in this in-
vestigation were determined by recording the albumen score, the 
height of the thick albumen, the albumen index and the percentage 
of apparent thick and outer thin albumen. 
Albumen score.-The decline in albumen quality as measured by 
the albumen score, was s~mewhat greater when eggs were held in 
an environment of low humidity (37-45% R. H.) and at tempera-
tures of 60° F. and 70° F. than when eggs were held at the same 
temperatures but where the relative humidity was 85-93 per cent. 
These results are the opposite of those reported by Van Wagenen, 
Hall and Altmann in 1939. However, humidity of the atmosphere 
where the temperature was 80° F . was not related to the albumen 
score (Table 9). 
TABLE 9.-EFFECT OF TEMPERATURE AND HUMIDITY ON THE ALBUMEN SCORE 
OF FERTILE EGGS. 
.Time "'~~Q"o to~~0·atnrP ~"" nF>rrF>ntauP nf rPlativA hnminitv 
held ROOF 700F AOOF 
in 
davs 40-45% 60-70% 85-90% 37-42% 60-70% 88-93% 32-35% 60-70% 85-92% 
0 1. 7 1. 7 1. 7 1.5 1.5 1.5 1.8 1.8 1.8 
1 2.2 2.1 2.0 . 
3 2 .2 2.3 2.4 2.2 2.1 2.7 2.9 2.4 
7 2.4 2.2 2.2 2.6 2.4 2.2 2.6 2.9 2.8 
14 2.8 2.7 2.5 3.0 2.6 3.1 3.2 3.1 3.1 
21 2.9 3.0 2.4 3.0 3,0 3.3 
28 3.2 3.2 2.2 3.1 3.0 2.9 
35 3.1 3.5 2.3 3.4 2.9 3,0 
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Albumen index.-The thick albumen index of eggs held at 60° F. 
was higher when relatively high humidity prevailed than when low 
or medium humidity surrounded the eggs (Table 10). This is in 
agreement with Wilhelm's (1939) results. At 70° F. and 80 ° F. 
however, there was no relationship between humidity and the de-
cline of albumen quality as measured by the albumen index. 
TABLE 10.-EFFECT OF TEMPERATURE AND HUMIDITY ON THE ALBUMEN INDEX 
<HEIGHT + WIDTH> OF FERTILE EGGS. 
Time Stol"aP'P tom eratn~o onrl nercentoao of ~olat;ve hnmiAitn 
held so°F 70vF. sooF 
in 
davs 40-50% 60-70% 85-90% 37-42% 60-70% 88-93% 32-35% 60-70% 85-92% 
0 .090 . 090 .090 .100 .100 .100 .084 .084 . 084 
1 .057 ·.066 .070 
3 .064 .057 .068 .056 .062 . 041 .042 .044 
7 . 044 .05~ . 065 .045 .051 .059 .048 .040 .044 
14 .043 .047 .057 .040 .041 .035 .031 .030 .027 
21 .035 . 033 .058 .032 .035 .026 
28 .028 .030 .060 .031 .032 .034 
35 . 024 .023 •. 043 .028 .040 .033 
Height of the Thick Albumen.-High humidity when the tempera-
ture was 60 ° F. evidently retarded the decline in the height of the 
thick albumen but when the temperature was 70° F. or 80° F. 
there was no relation between humidity and the breakdown of the 
thick albumen (Table 11). 
TABLE 11.-EFFECT OF TEMPERATURE AND HUMIDITY ON THE HEIGHT <MM> OF 
THE THICK ALBUMEN IN FERTILE EGGS. 
Time 
held 
0- -9 
6.8 6.8 6.9 6.9 6. 9 
5.0 5.6 5.9 
5.3 5.0 5.7 4.7 5.2 3.9 4.0 4 .0 
4.;! 4.8 5.4 4.1 4.7 4.9 4.3 3 .8 4 .1 
4.0 4.3 4.8 3.8 3.9 3.4 3.1 3.1 2.8 
3.4 3.3 4.8 3.2 3.8 2.7 
2.9 3.1 4.8 3.1 3.4 3.4 
2.6 2.5 3.8 2.8 2.9 3.2 
Percentage of Thick Albumen.-It is evident from Table 12 that 
there was no consistent relationship between the percentage of 
relative humidity in the atmosphere surrounding shell eggs and the 
liquefaction of thick albumen. 
Considering all of the measurements made of the physical changes 
which occurred in the albumen of shell eggs held where the relative 
humidity varied from 32 to 93 per cent and the temperature from 
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TABLE 12.-THE EFFECT OF TEMPERATURE AND HUMIDITY ON THE PERCENTAGE 
OF APPARENT THICK ALBUMEN OF FERTILE EGGS 
Time <>•n~a .. e tomno~atnr<• and ner~ontoao of relative hmniditv 
held flOOF 70°F. 800F. 
in 
days. 40-45% 60-70% 85-90% 37-42% 60-70% 88-93% 32-35% 60-70% 85-92% 
0 69.6 69.6 69.6 68.6 68.6 68.6 69.9 69.9 69.9 
1 74.5 73.5 73.3 
3 67.3 73.0 71.1 69.0 68.1 71.2 68.4 64.0 
7 70.0 72.l 68.5 67.0 66.6 67.0 70.0 68.3 67.0 
14 70.4 67.9 69.3 68.8 67.5 61.8 66.2 63.6 67.8 
21 . 68.6 64.7 66.3 67.2 68.0 61.2 
28 67.5 70.3 63.1 64.9 66.5 67.8 
35 67.2 63 .0 67.5 62.9 66.7 67.4 
60° F. to 80° F., it appears that high relative humidity at lower 
temperatures (60° F.) helped maintain the albumen quality of 
fresh-laid eggs. This effect was not great and it was not apparent 
at 70° F. and 80° F. 
Changes in the Yolk. 
The effect of relative humidity on the yolk was measured by 
determining the yolk index (height ...;- width) and the strength of 
the vitelline membrane. 
Yolk index.-The flattening of the yolk, as determined by divid-
ing the height of yolk by the width of the yolk, was not related to 
the relative humidity of the air surrounding the shell eggs held at 
60° F., 70° F., and 80° F. See Table 13. The effect of the high 
temperatures on the flattening of the yolk was very pronounced. 
TABLE 13.-EFFECT OF TEMPERATURE AND HUMIDITY ON THE YOLK INDEX 
<HEIGHT-+- WIDTH> OF FERTILE EGGS. 
Time Storal!'.e temoerature and nercentaO"e of relative humidity. 
held fl00F 700F 800F 
in 
days 40~45% 60-70% 85-90% 37-42% 60-70% 88-93% 32-35% 60-70% 85-92% 
0 .37 .37 .37 .39 .39 .39 .38 .38 .38 
1 
.38 .39 .38 
3 .36 .35 .39 .36 .36 .36 .35 .33 
7 .35 .36 .36 .35 .37 .36 .32 .35 .32 
14 .35 .34 .36 .32 .32 .32 .26 .29 .28 
21 .30 .32 .36 .32 .31 .30 
28 .30 .31 .34 .28 .30 .31 
35 . 29 .30 .30 .27 .31 .30 
Strength of the Vitelline Membrane.-The vitelline membrane 
appeared to be strongest in eggs held where a medium (60-70 %) 
relative humidity prevailed but the results are so variable that no 
significance can be attached to them. See Table 14. High tempera-
ture had a very detrimental effect on the strength of the vitelline 
membrane:. 
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TABLE 14.-EFFECT OF TEMPERATURE AND HUMIDITY ON THE STRENGTH OF THE 
VITELLINE MEMBRANE <GRAMS PRESSURE REQUIRED PER 10 SQUARE CENTI-· 
METERS OF YOLK SURFACE TO RUPTURE MEMBRANE>. 
Time <>tnra"0 tem" 0 ra•ur0 a"" ner~0n•a~0 nl r 0 lativ0 humiditv 
held R001" '700.,. 80°"'. 
in 
davs 40-45% 60- 70% 85-90% 37- 42% 60-70% 88- 93% 32-35% 60-70% 85-92% 
0 117 117 117 115 115 115 114 114 114 
1 120 125 126 
3 110 111 118 103 108 107 87 90 
7 108 99 105 111 87 94 71 89 72 
14 100 106 94 106 85 106 75 80 71 
21 90 94 100 93 93 87 
28 85 100 73 87 88 82 
35 74 80 62 78 86 89 
Evaporo,tion. 
The rate at which evaporation occurs in shell eggs is indirectly 
related to the relative humidity of their environment, if the tempera-
ture remains constant. When the humidity remains approximately 
constant the evaporation is greater with higher temperatures. 
Loss in Weight.-The rate at which shell eggs lose weight at 
a given temperature is related to the relative humidity of the 
atmosphere surrounding the eggs. Eggs held at 70° F. where the 
relative humidity was 88-93 per cent lost 2.3 per cent of their 
weight in 35 days as compared to a loss of 9.8 per cent where the 
relative humidity was 37-42 per cent. (Table 15 and Figure 15) . 
TABLE 15. -EFFECT OF TEMPERATURE AND HUMIDITY ON THE PER.CENTAGE LOSS 
IN WEIGHT OF SHELL EGGS. 
Time 
,,. _____ __ .. 
nf -- -"vo h··-'-'"-
held R00ti' '7no.,. 11no.,. 
in 
days 40-45% 60-70% 85-90% 37-42% 60-70% 88-93% 32-35% 60-70% 85-92% 
1 . 5 .3 .3 
3 1. 7 1.7 .7 2.3 1.2 1.6 1.6 1.0 
7 2.7 2.1 1.4 3.4 2.4 2.0 3.8 2.9 1.6 
14 3.9 3.2 .7 5.8 4 .2 1.9 7.2 5.0 2.5 
21 5.1 3.5 .2 8.0 4.3 2.6 
28 7.3 4.5 .3 7.9 3.7 1.4 
35 7:5 6.4 1.2 9.8 6.4 2.3 
Loss of weight in shell eggs is a~o a function of temperature. For 
example eggs held for 14 days where the relative humidity was 
60-70 per cent lost weight as follows: At 60° F., 3.2 per cent; 
at 70° F., 4.2 per cent; and at 80° F., 5.0 per cent. 
Size of air cell.-Loss in weight in shell eggs from evaporation 
manifests itself by an increase in the size of the air cell. The siz'e 
of the air cell is emphasized in grading market eggs and therefore 
is of economic importance. The depth of the air cell is quite largely 
a function of the relative humidity of the environment where the 
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F ig. 15 .-The effect of t emperature and humidity on evaporat ion from shell eggs as 
measured by loss in w eight. 
TABLE 16. - EFFECT OF TEMPERATURE AND HUMIDITY ON THE DEPTH I MM> OF 
THE AIR CELL. 
Time 
.,. _____ __ .. 
,.,, 
... 1 ... i&.: ... .- · »~ 
held Rnoli' '7001;' ROU'!;' 
in 
davs 40-45%. 60-70% 85-90% 37-42% 60-70% 8.8 - 93% 32-35% 60-70% 85-92% 
0 1.2 1.2 1.2 1.4 1.4 1.4 .9 .9 .9 
1 2.2 2.1 1.5 
3 3.3 2.5 2.3 2.6 2.0 3.2 2.5 2.0 
7 3.3 2.9 2.2 4.1 3.3 2.8 4.7 3.8 2.9 
14 4-.8 4.1 1.0 5.7 4.7 2.7 7.0 5.3 3.3 
21 5.4 4.5 7.0 5.7 3.1 
28 6.4 5.3 .3 7.4 6.1 3. 7 
35 7.4 5.4 1.2 8. 2 '.1 .0 4.3 
eggs are held (Table 16). However, it was obser ved that tempera·-
ture also influenced shrinkage. 
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The Inter-relationships of Some Physical Measurements of Interior 
Egg Quality. 
It is of theoretical interest and practical importance to know the 
relation of different measures of egg quality to one another. The 
correlation of several of these factors are shown in Table 7. The 
observed albumen score was found to have a very high and signif-
icant indirect relationship to the percentage of apparent thick white, 
the yolk index and the pressure required to rupture the yolk mem-
brane. There was a high positive correlation between the per-
centage of apparent thick white and the yolk index and the pressure 
required to rupture the yolk membrane. Yolk index and the pressure 
required to rupture the yolk membrane were relatively closely 
related (r =.668). The diameter of the blastoderm in the relatively 
high quality eggs measured was not related to albumen score, per-
centage of apparent thick white, or yolk index and only slightly 
correlated with the pressure required to rupture the yolk membrane. 
In fertile eggs held at high temperatures the diameter of the 
blastoderm would be related to these quality factors. 
TABLE 17. - CORRELATION OF PHYSICAL MEASUREMENTS OF 
INTERIOR EGG QUALITY IN 253 FERTILE EGGS. FEB-MAY, 1942. 
Albumen score and diameter of germinal disc. 
Albumen score and percentage of apparent 
thick white 
Albumen score and yolk index 
Albumen score and pressure required to 
rupture the yolk membrane 
Diameter of germinal disc. and percentage of 
apparent thick white 
Diameter of germinal disc. and yolk index 
Diameter of germinal disc. and pressure re-
qui~ed to rupture the yolk membrane 
Percentage of apparent thick white and yolk 
index 
Percentage of apparent thick white and pressure 
required to rupture the yolk membrane 
Yolk index and pressure required to rupture the 
yolk membrane 
Correlation 
Coefficient 
.145 
- .594 
- .754 
- .550 
- .146 
- .094 
- .267 
.700 
.553 
.668 
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The Relation of the Commercial Grade of Fertile Eggs to the 
Common Physical Measurements of Interior Quality. 
25 
Since investigators and market men do not agree even within their 
respective groups as to the relationship, if any, between the candling 
appearance of eggs and their broken out appearance, it was ad-
visable to make some physical measurements on eggs graded by a 
trained University student grader according to the U. S. Standards 
for shell eggs into grades A, B, and C. Table 18 shows that on 
the average the eggs assigned to the higher grades possessed better 
quality as determined by accepted measures of interior egg quality 
than those eggs which were graded lower. It should be observed that 
the above conclusion applies to the averages and not to all individual 
eggs. 
TABLE· 18. -THE RELATION OF THE COMMERCIAL GRADE OF FERTILE EGGS TO 
THEffi INTERIOR QUALITY . . FEB. - MAY, 1942. 
~ ~ ~ 
Number of eggs measured 100 100 53 
Albumen score 2.33 2.76 4.02 
Diameter of germinal disc. 5.05 4.48 8.29 
Percentage of apparent 
thick white 73.63 70.44 52.89 
Yolk index .38 .37 .22 
Pressure per square cent! -
meter required to rupture 
the vitelline membrane 11 .6 9.8 6. 7 
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SUMMARY 
Temperature was found to be a very important factor affecting 
egg quality. 
Thick albumen wa,s converted to thin albumen very slowly at 
temperatures of 30° F. and 50° F. but quite rapidly at temperatures 
of 80° F. to 100° F. Liquefaction of the thick white proceeded at 
a more rapid rate in fertile than in infertile eggs if the temperature 
was high enough for rapid embryonic development. 
Shell eggs held at 30° F. and 50° F. maintained relatively low 
albumen scores throughout the 70 days of the experiment but these 
S-Cores went up very rapidly for eggs held at 70° F. to 100° F. and 
more rapidly in fertile than in infertile eggs. 
The yolk of shell eggs held at 80° F. to 100° F. flattened very 
rapidly as compared to those held at 30° F. and 50° F. These data 
did not show any significant difference between fertile and infertile 
eggs. The vitelline membrane of the yolk retained its strength 
remarkably well at 30° F. and 50° F., but deteriorated quite rapidly 
at the higher temperatures, especially in fertile eggs. 
The data we obtained showed that macroscopically germ de-
velopment in fertile eggs cannot be detected in shell eggs held 
at temperatures below 80° F. Discernible germ development oc-
curred only after the temperature was raised to above 80° F. At 
85° F. embryonic development proceeded very rapidly. 
The edible properties of shell eggs declined rapidly with time as 
the storage temperature increased from 50° to 100° F. 
Humidity of the atmosphere surrounding shell eggs was found 
to have but little or no influence on the deterioration of the al-
bumen or yolk of such eggs. However, humidity of the environ-
ment of shell eggs did control quite largely the amount of evaporation 
from such eggs. High temperature also increased evaporation. 
There are logical relationships between the physical measure-
ments used in determining egg quality. See Table 14. 
Eggs which grade highest by commercial egg grades generally 
possess superior quality (by physical· measurements of interior 
quality) than eggs which ate graded into the lower grades. 
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